Aim: Dependence for toileting is the most problematic aspect for patients after a stroke. However, the relative difficulty of each component of toileting and the predictors for independent performance of these activities are unknown. We investigated these issues in stroke patients using Boltzmann sigmoid and generalized linear modeling.
Introduction
Toileting is an important activity of daily living that is significantly impaired after a stroke. The problems related to toileting in stroke survivors are serious health concerns, and are associated with an increased frequency of falls, 1 post-stroke depression 2 and reduced quality of life. 3, 4 In addition, toileting disorders are associated with role loss, admission to institutional care, general infection and mortality. 5 Therefore, stroke patients, as well as their families, seek restoration of the ability for independent toileting, which should be addressed in rehabilitation. Therapists working with stroke patients spend a large proportion of their day teaching patients how to carry out toileting activities. 6 However, previous studies on functional independence in patients after stroke have suggested that activities related to toileting are difficult for post-stroke patients to carry out. 7 In fact, despite rehabilitation, 11-25% of patients are still unable to carry out toileting independently after admission to the hospital for a stroke. 3, 8 In addition, impairments in toileting on hospital admission, such as bladder management and toilet transfers, are associated with outcomes on hospital discharge. 9 Toileting includes a combination of component activities, such as "taking off pants," "wiping the buttocks" and "cutting the toilet paper." Patients after stroke are encouraged to learn a process of these activity components that will allow them to achieve independence in toileting. However, the impairments in toileting behavior (TB) after stroke is a complex issue due to its multidimensional nature, including impairments in behavioral, cognitive and physical function. For example, patients with stroke-related hemiplegia have to use the non-paretic side to compensate for weaknesses of the paretic extremities in order to achieve independent toileting.
Patients with a balance disorder have to use a handrail to avoid falling while carrying out toileting activities. The different component activities of the overall TB are associated with varying degrees of difficulty, which are also dependent on physical and cognitive disorders. [10] [11] [12] However, difficulties associated with specific component activities of toileting and the predictors of physical and cognitive impairments related to independent toileting are unknown. This knowledge could help patients, their caregivers and clinicians understand the prognosis with respect to the activities of daily living, as well as promote the development of evidence-based interventions in stroke rehabilitation. Therefore, we carried out a cross-sectional correlation study to investigate the relative difficulties in the performance of component activities of toileting among patients after stroke, and identified predictors of independent TB. On the basis of background information on TB, we hypothesized that: (i) there would be both easy and difficult toileting activities; and (ii) there would be predictors of independent toileting in post-stroke patients.
Methods

Participants
We recruited post-stroke inpatients receiving acute treatment and care at a hospital, between January 2013 and October 2014. The inclusion criteria were as follows: hospital inpatients who had sustained a stroke within the past 3 months; who did not have a severe impairment in consciousness; fracture; amputation; severe cardiorespiratory insufficiency; were able to sit up with a backrest for >30 min; and provided voluntary consent to participate in the study. Bladder and bowel management were not included in the criteria because of our focus on TB. However, to clearly specify the status of toileting in participants, bladder and bowel management was assessed using the Functional Independence Measure for bladder and bowel control items, which is graded on a 7-point scale, as follows: 1 = five or more accidents in past 7 days; 2 = four accidents in past 7 days; 3 = three accidents in past 7 days; 4 = two accidents in past 7 days; 5 = one accident in past 7 days; 6 = no accidents using device; and 7 = no accidents. 13 A sample size of 100 was derived using the Hulley matrix to detect between-subject differences at a power of 0.95, α of 0.05 and effect size of 0.35. 14 The study was approved by the St. Marianna University, Yokohama City Seibu Hospital ethics committee, and carried out in accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained from all patients or patients' families.
Assessment of TB
We categorized TB into 10 component activities: (i) standing up from wheelchair; (ii) changing direction to the toilet; (iii) taking off pants; (iv) sitting on the toilet; (v) cutting the toilet paper; (vi) wiping the buttocks; (vii) standing up from the toilet; (viii) putting pants back on; (ix) changing direction to the wheelchair; and (x) sitting in the wheelchair. These 10 component activities describe the entire process of TB. Generally, toileting activities are different for men and women. However, we categorized the same component activities for men and women in the present study so that patients with physical and/or cognitive impairments after a stroke could carry out toileting in a safe manner, without falls. Three experts in the field of stroke rehabilitation at our hospital reviewed the component activities, and provided a positive evaluation as to the relevance of each component to independent toileting and the comprehensiveness of the activities assessed, which supports the validity of our assessment of independent toileting. During the toileting assessment, cues were given using a time-delay method. 15, 16 The assessment began with the verbal instruction, "Please carry out TB." If the patient's performance on any component activity was inadequate or if the patient did nothing for 5 s, the therapist offered cues at four levels in the following order: verbal cue, modeling, tapping and actual assistance. An example of a verbal cue is: "Can you stand up from the wheelchair?" Modeling refers to the therapist mimicking the component activity. Tapping refers to the therapist tapping the patient's body to provide sensory guidance, whereas assistance refers to the therapist providing continuous physical guidance in carrying out the appropriate activity. When the patient carried out each component activity, the therapist praised the patient. The 10 component activities in our assessment of independent toileting were graded as follows; 0, no instruction; 1, verbal instructions; 2, modeling; 3, physical cueing; and 4, physical guidance. These evaluations were completed by the occupational therapists who had regular contact with the patient during rehabilitation interventions.
Assessment of physical and cognitive functions
Many studies have shown a relationship between difficulty in toileting and psychosomatic impairments including, paralysis, balance impairments and cognitive impairments. [10] [11] [12] Therefore, the presence or absence of these impairments was also determined. The severity of impairment in motor function was assessed using the Fugl-Meyer Assessment for upper and lower limb function. The Fugl-Meyer Assessment scores range from "0" to "100" (upper limb from "0" to "66", lower limb from "0" to "34"), with higher scores indicative of greater function. Balance function was assessed using the Berg Balance Scale (BBS). 17 The BBS scored for "0" to "56" points, with a higher score indicative of greater balance function. Cognitive impairment was assessed using the Mini-Mental State Examination, which is widely used both in clinical practice and research. 18 The Mini-Mental State Examination scores range from "0" to "30", with lower scores indicative of greater cognitive impairment. In addition, unilateral spatial neglect or aphasia were measured as "present" or "absent." These evaluations were recorded once by the occupational therapists who had regular contact with the patient during rehabilitation interventions.
Statistical analysis
To identify the relative difficulty of toileting component actions, the total score on component activities, as well as the score on each of the individual component activities, were analyzed using the Boltzmann sigmoid equation:
where S is the total component activity score, S max is the maximum of the curve, S 50 is the total component activity score required to obtain a response at 50% of the maximum and K is the slope at S 50 . 19, 20 In the Boltzmann sigmoid curve, the relationship between a single toileting component activity score and the total component activity score is typically non-linear, with a steep increase and a plateau. More difficult component activities shift the curve to the left, whereas easier component activities shift the curve to the right. To assess the applicability of the Boltzmann sigmoid model, the intraclass correlation coefficient (ICC) was used to compare the component activity score that was actually obtained with the predicted values derived from the Boltzmann sigmoid model. A generalized linear model with a Poisson distribution and log link function was used to estimate the relationship between the score on component activities of toileting and age, sex, diagnosis, right-left hemisphere lesion, and physical and cognitive impairments. The Poisson distribution was selected because of its use for a discrete probability distribution or number of events captured at specified intervals. The goodness-of-fit of the model was evaluated using the Akaike information criterion, calculated as follows:
where n is the number of data, SSR is the sum of squared residuals between the model predictions and actual data, and k is the number of parameters. A lower Akaike information criterion value indicates a better model. 21, 22 This analytic approach is commonly used for the analysis of medical and rehabilitation data.
23,24
Results
Patients and data samplings
We gathered data from 107 post-stroke patients who were admitted to our hospital between January 2013 to October 2014. Characteristics of the patients who met the inclusion criteria are presented in Table 1 . The mean age of our study cohort was 71.1 years (standard deviation 12.9 years). The classification of lesion type among the 107 participants was as follows: hemorrhage (n = 60), infarct (n = 23), subarachnoid hemorrhage (n = 13) and other (n = 11).
Relative difficulty of the component activities of toileting
The relationship between single component activity score and the total component activity scores, calculated from the Boltzmann sigmoid modeling of the dataset, is shown in Figure 1 . The curves derived from the Boltzmann sigmoid model were almost identical between men and women, except for two component activities, "taking off pants" and "standing up from the toilet." Using pooled data for men and women for all component activities, the fit of the Boltzmann sigmoid modeling was statistically significant, showing that the results of the dataset could be validly interpreted as a sigmoidal distribution. The ICC was carried out to compare actual Table 2 ). Therefore, S max and S 50 values, pooled for men and women, were compared between the 10 different component activities. The S max values for all toileting component activities were high. Using a stepwise assessment of S 50 values, which is indicative of the level of difficulty of a component, the activities of "wearing pants," "standing up from wheelchair" and "changing direction to the wheelchair" had a low score, whereas "cutting the toilet paper," "wiping the buttocks" and "sitting on the toilet" had high scores ( Fig. 1 ; Table 2 ). Among all component activities, the action of cutting the toilet paper was the easiest component to carry out, with wearing pants being the most difficult ( Figure 2 ).
Relationship between physical and cognitive function and the component activities of toileting 
Discussion
Relative difficulties of component activities for toileting and predictors of independent toileting in patients after stroke were investigated using Boltzmann sigmoid and generalized linear modeling.
The present results showed that: (i) there were easy and difficult components to carry out; and (ii) balance impairment (BSS score) predicted independence on most toileting activities. This is the first systematic study, to our knowledge, to report on the relative difficulties of individual component activities of toileting and predictors of independent toileting. The principal additional new observation from the present study is that different components of toileting are associated with different levels of difficulty. In fact, S 50 values showed that the difficulty level was the highest for the component "wearing pants," with the lowest difficulty associated with "cutting the toilet paper." In addition, it is necessary to control for cues presented in training to support the organization of new behavioral chains. 15 Behavioral training, with feedback for error-free learning, is more effective than trial-and-error learning. 25, 26 In the present study, we distinguished, not only the relative difficulty of 10 component activities of toileting, but also accounted for cues given by therapists during the evaluation of each toileting activity. We expect that using a time-delay method to provide feedback (verbal, modeling, tactile and manual assistance) could be widely useful for assessment of motor and process skills related to toileting, and for more generalizable training of toileting activities. The second new observation is that balance impairment is closely related to independent performance on component activities of toileting. Previous studies have shown a relationship between the degree of impairment in TB and psychosomatic impairments.
9,10,12 Di Monaco et al. reported that balance is one of the most significant predictors of functional independence after stroke. 27 Fujita et al. noted that frail patients with balance impairments were dependent for toileting. 11 In addition, according to the generalized linear model, motor paresis, cognitive impairment (such as unilateral special neglect and aphasia), diagnosis and the side of the lesion were significantly different between patients who can carry out toileting activities independently and those who cannot. However, there was no significant relationship between performance score on component activities of toileting and age and sex. Balance impairment is required for the majority of the component activities, which explains why it is a stronger predictor of independent toileting than cognitive or physical impairments. Previous studies suggested that balance training improved lower extremity motor recovery, mobility and activity level after a stroke. [28] [29] [30] The present results suggest that balance impairment is closely associated with independent performance on the component activities of toileting and, therefore, that balance training might useful as an intervention to improve independent TB. These findings will contribute to an evidence-based approach combining behavioral and balance training approaches to improve independent toileting among patients after a stroke. A potential limitation of the present study was the sample size, which was estimated using Hulley's matrix method.
14 This estimation method does not reflect the complexity of impairment in TB after a stroke, which is multifactorial in nature, including the type of stroke, site of lesion, and physical and cognitive impairments. In fact, although we focused on TB, many participants in the present study cohort had difficulty with bladder and bowel control. The multidimensionality of the impairment in TB weakened the external validity of our study findings. Thus, a larger number of participants will be required in further studies. With the addition of a detailed examination classifying participants by types of lesion Values are mean AE SD or median (interquartile range).
and by clinical attributes, including bladder and bowel control, and the inclusion of a larger number of patients, the generalizability of our findings will be improved. We used the common behavioral chain of component activities for toileting. However, this behavioral chain will vary between men and women, as well as with the extent of impairment in cognitive and physical function. Therefore, further study is necessary to investigate the relationship of sex with cognitive and physical impairments, and different behavioral chains of component activities.
In conclusion, the relative difficulty associated with the component activities of toileting and predictors of independent performance for each component activity after a stroke were investigated by applying Boltzmann sigmoid and generalized linear modeling. We found that, whereas only a minimal improvement in some Figure 1 Relative difficulty among the component activities of toileting in post-stroke patients. The filled and open symbols denote the data for men and women, respectively. The curves derived from the Boltzmann sigmoid model were almost identical between men (dotted lines) and women (dashed lines), except on two component activities ("taking off pants" and "standing up from the toilet"). For all component activities, we pooled the data for men and women to fit the Boltzmann sigmoid modeling, with significant results obtained (solid lines; intraclass correlation coefficient 0.892-0.998, P ≤ 0.0001). component activities (cutting the toilet paper, wiping the buttocks and sitting on the toilet) would improve overall performance, maximal improvement would be required for some components (wearing pants, standing up from the wheelchair and changing the direction of the wheelchair). In addition, balance impairment is a strong predictor of independent performance on the individual component activities of toileting. Understanding the relative difficulty level of individual component activities of toileting and predictors of independence could be useful for improving the quality and efficacy of rehabilitation services, designing therapeutic strategies, and planning clinical research studies to evaluate the effectiveness of therapeutic interventions.
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